The clinical value of single photon emission computed tomography (SPECT) in the differential diag nosis of dementia due to cerebral atrophy was evaluated by comparing the pattern of distribution [99mTc]_ HM-PAO in three dementing conditions, Imaging was carried out in 26 patients with suspected Alzheimer's dis ease, 14 with dementia of the frontal-lobe type, and 13 with progressive supranuclear palsy, Images were evalu ated and reported without knowledge of clinical diagnosis with respect to regions of reduced uptake of tracer. Re-
Dementia is not a disease entity. It is the decline in mental capabilities that accompanies a variety of pathological conditions. Among progressive degen erative diseases of the brain that lead to dementia, Alzheimer's disease is the most common. Rarer degenerative disorders are currently poorly rec ognized clinically, and "dementia of the Alzhei mer-type" is frequently employed as an all encompassing term to describe all dementias asso ciated with atrophy of the brain. We have carried out over several years a multidisciplinary longitudi nal investigation of patients with primary degener ative dementia who, under currently accepted clas sification criteria (APA, 1980; McKhann et aI., 1984) , would conform to the diagnosis "probable Alzheimer's disease." Extensive clinical investiga tion together with results from cerebral biopsy have led to the identification of a form of dementia that is distinct from Alzheimer's disease on clinical, patho logical, and chemical grounds (Neary et aI., 1986) . We have adopted the designation "dementia of the Address correspondence and reprint requests to Dr. H. J. Testa at Department of Nuclear Medicine, Manchester Royal Infirmary, Manchester, England.
Abbreviations used: S123 duced uptake in the posterior cerebral hemispheres was characteristic of Alzheimer's disease, while selective an terior hemisphere abnormalities characterized both de mentia of the frontal-lobe type and progressive supranu clear palsy. The latter conditions could be distinguished on the basis of the appearance of integrity of the rim of the frontal cortex. The technique has an important role in the differentiation of degenerative dementias. Key Words: SPECT _[99mTc J-HM -P AO-Dementia-Cerebral atro phy.
frontal type," owing to the neuropsychological characteristics of that condition that suggest im paired function of frontal regions of the brain (Neary et al., 1988) . Similar patients have been de scribed previously (Gustafson, 1987) , and necropsy studies have confirmed the absence of Alzheimer's pathology and demonstrated in some cases the pathological changes of Pick's disease (Brun, 1987) .
The purpose of the present study was to estab lish by single photon emission computed tomog raphy (SPECT) the pattern of distribution of [99ffiTc]-HM-PAO in patients with Alzheimer's dis ease and dementia of the frontal type. If the pattern of distribution were to differ in the two conditions, then this would represent an independent marker of two diseases, which traditionally have failed to be clearly differentiated on clinical criteria alone. A third group of patients with progressive supranu clear palsy (Steele-Richardson-Olszewski syn drome) were included in the study. In that condi tion, affecting predominantly the subcortex, pa tients have been shown to perform poorly on tasks sensitive to frontal-lobe function (Maher et aI., 1985) that suggests similarities with dementia of the frontal type. Evaluation of SPECT images by "blind" observers has allowed us to determine the extent of correlation between scan appearances and clinical diagnosis.
PATIENTS AND METHODS
Fifty-three patients were studied, 24 male and 29 fe male. Their mean age was 64 years, with a range of 47-77 years. A clinical diagnosis of Alzheimer's disease had been made in 26 patients, frontal-type dementia in 14, and progressive supranuclear palsy in 13. All patients had ex hibited a progressive decline in mental function over at least 1 year. In none was there evidence of vascular or systemic disease and none had a history of head injury or alcohol abuse. The characteristic clinical features of each condition that led to the clinical diagnosis has been de scribed elsewhere (Neary et ai., 1987) . Briefly, a diagno sis of dementia of the frontal type was made in patients in whom striking personality change and breakdown of so cial conduct occurred in the absence of notable amnesia and visuospatial disorder; the latter features are also characteristic of Alzheimer's disease. Normal electroen cephalograms and the relative absence of neurological signs in patients with dementia of the frontal type con trasted with the slowing of wave forms on electroenceph alography and emergence of extrapyramidal signs in pa tients with Alzheimer's disease. All patients underwent X-ray computed tomography (CT), which confirmed the presence of atrophy of the brain but was not helpful in distinguishing between the three conditions.
The imaging procedure has been described in detail previously (Neary et aI., 1987 resolution of the imaging system has been measured to be 15 mm full width at half-maximum (FWHM) in the plane of the reconstructed transverse section. Scans were as sessed by two independent observers, who had no knowl edge of the clinical diagnosis and had no contact with the patients. Scans were rated according to the presence or absence of uptake reductions in the posterior and anterior cerebral hemispheres. Interrater agreement in the evalu ation of scans was high (93%). Figure 1 shows the scan of a normal volunteer of comparable age to the patients studied. Character istic patterns emerged in the three clinical groups, exemplified by Figs. 2-4. Posterior cerebral defects characterized patients with probable Alzheimer's disease, whereas selective anterior hemisphere ab normalities typified the other two groups. In order to evaluate the extent of correlation between scan appearances and clinical diagnosis, regions of re duced concentration of tracer in the cerebral cortex were classified as anterior, posterior, left or right hemisphere abnormalities. The obtained results were compared to the clinical groupings.
RESULTS
The number of patients in each of the three groups in whom a posterior hemisphere defect was present is shown in Table 1 . If one adopts as the criterion for the identification of Alzheimer's dis ease the presence of a posterior defect, whether unilateral or bilateral, then the diagnostic sensitivity in our study is 85% and the specificity is 85%. Con versely, if a more stringent criterion is adopted by considering only bilateral posterior defects to be in dicative of Alzheimer's disease, then this would lead to a decreased sensitivity of 65% and an in creased specificity of 94%. In the context of distin guishing between patients with primary degenera tive dementia, the former criterion would appear to be more useful. Table 2 depicts the frequency in the three groups of circumscribed anterior hemisphere defects, i.e., without accompanying defects in the posterior ce rebral hemispheres. In both frontal-type dementia and progressive supranuclear palsy, selective ante rior defects are characteristic. An attempt was made to differentiate between those two groups by assessing the integrity of the cortical rim (i.e., pres ervation of uniform uptake of tracer in frontal neo cortex). In 12 (86%) patients with frontal-type de mentia, the cortical rim was abnormal, as in Fig. 3 , whereas in 8 (62%) patients with progressive supra nuclear palsy the cortical rim was intact, as in Fig. 4 .
DISCUSSION
Within this population of patients, all of whom had been extensively investigated clinically, probabIe Alzheimer's disease could be distinguished from other forms of dementia by the presence of poste rior defects on the HM-PAO SPECT scans with a high degree of sensitivity and specificity. Consis tent with the similarities in the clinical findings of dementia of the frontal-type and progressive supra nuclear palsy, both of these groups were character ized by the presence of selective anterior defects on HM-PAO SPECT, distinguishing them from Alz heimer's disease. Nevertheless, these two groups could themselves be distinguished with a high de gree of accuracy by assessing the integrity of the cortical rim.
The technique appears to be sensitive in discrim inating between distinct degenerative dementing conditions. Of particular importance is that it dis tinguishes with a high degree of efficacy between probable Alzheimer's disease and dementia of the frontal type. While the latter condition has been recognized by some investigators (Gustafson, 1987; Brun, 1987) , it continues to be subsumed by others under the label "dementia of the Alzheimer type," and the belief that patients with primary cerebral atrophy will invariably have Alzheimer's disease still prevails. It is worth noting that the high dis criminatory power between different forms of de mentia found in this study would be unlikely if de mentias secondary to vascular disease had been in cluded, e.g., multi-infarct or multifocal dementia. Unlike degenerative brain diseases that have a predilection for certain brain regions with relative sparing of others, vascular events are not consistent in their locus of cerebral damage. As Smith and colleagues point out in this volume (Smith et aI., 1988) , scan appearances in patients with vascular dementia vary widely. While that very variability may be the characteristic feature of vascular de mentia, contrasting with the relative uniformity of Alzheimer's disease, such a characteristic would not be helpful in the differential diagnosis of an in dividual patient whose scan appearances may po tentially mimic those of Alzheimer's disease, de mentia of the frontal type, or progressive supranu clear palsy. Smith and co-workers (1988) Progressive supranuclear palsy (n = 13) 0 0 13 well-defined neuropsychiatric conditions. Our own study supports the finding of a characteristic poste rior hemisphere defect in Alzheimer's disease, re ported by those authors, and also by others using positron emission tomography (Friedland et aI., 1983; Foster et aI., 1984) . We have established that the patterns of distribution in three degenerative de menting disorders are distinct and have demon strated, in a blind study, the efficacy of the tech nique in the differential diagnosis of individual pa tients.
